One-pot three-component condensation of isatoic anhydride with primary amines or ammonium carbonate and aromatic aldehydes in refluxing ethanol in the presence of catalytic amounts of silica-supported preyssler nanoparticles (SPNP) afforded the corresponding 2,3-dihydroquinazolin-4(1H)-ones in high yields, and bis-dihydroquinazolinones were synthesized for the first time by a novel pseudo-five-component condensation of isatoic anhydride, a primary amine, and a dialdehyde in water. The catalyst is reusable and can be applied several times without any decrease in product yield.
Introduction
One-pot transformations, particularlymulticomponent reactions (MCRs), are of current interest by Salehi et al. [1] . Since the first MCR reported in 1850 by Strecker [2] , this methodology has emerged as an especially attractive synthetic strategy for rapid and efficient library generation due to the fact that the products are formed in a single step and diversity can be achieved simply by varying the reaction components by Strecker [2] . MCRs leading to interesting heterocyclic scaffolds are particularly useful for the creation of diverse chemical libraries of drug-like molecules for biological screening by Domling [3] . 2,3-Dihydroquinazolinone derivatives are an important class of fused heterocycles that display a wide range of biological, pharmacological, and medicinal properties involving antitumor, antibiotic, antipyretic, analgesic, antihypertonic, diuretic, antihistamine, antidepressant, and vasodilating activities by Sadanandam et al. [4] . In addition, 2,3-dihydroquinazolinones have been shown to act as potent tubulin inhibitors with impressive antiproliferative activity against several human cancer cell lines by Chinigo et al. [5] . Furthermore, these compounds can act analogously to the antimitotic agent colchicine [6] . Additionally, these compounds can easily be oxidized to their quinazolin-4(3H)-one analogues by Baker et al. [7] , which are themselves important biologically active heterocyclic compounds, Moore et al. [8] . The usual procedure for the preparation of 2,3-dihydroquinazolin-4(1H)-ones involves condensation of the appropriate derivatives of anthranilamide with an aldehyde or ketone using p-toluenesulfonic acid as a catalyst under vigorous conditions, by Ozaki et al. [9] . Similar reactions have been reported to proceed under basic conditions, by Kornet [10] . This procedure affords dihydroquinazolinones in good yields but requires long reaction times. The three-step synthesis starting from isatoic anhydride or an anthranilic acid has been reported by Shi et al. [11] and other methods such as reductive cyclisation of o-nitrobenzamides with aldehydes and ketones by Steiger et al. [12] , reaction of isatoic anhydride with schiff bases, by Li et al. [13] , and reduction of quinazolin-4(3H)-ones, by Gorla et al. [14] , are also reported for the synthesis of these compounds. Over the last decade, due to the unique properties of nanoparticles along with their novel properties and potential applications in different fields [14] , the synthesis and characterization of catalysts with lower dimension has become an active topic of research. As the particle size decreases, the relative number of surface atoms increases, and thus activity increases. Moreover, due to quantum size effects, nanometersized particles may exhibit unique properties for a wide range of applications, by Martikainen and Stoof [15] . Along this line, polyoxometalates (POMs) are attracting much attention as building blocks for functional composite materials because of their interesting nanosized structures, by Ding et al. [16] . They are ideal models for the construction of hybrid systems, so they are regarded as the potential candidates to be transformed into nanometer-sized materials. In recent years, considerable effort has been devoted to the design and controlled fabrication of nanostructured POMs for using in green reactions. This interest has resulted in the development of numerous protocols for the synthesis of nanostructured materials over a range of sizes. Therefore, the field of nanoPOMs and their applications continue to attract significant attention, so the number of publications and patents continue to grow, and new researchers are entering the field. Thus, plenty of room exists for expanding the exploration of the opportunities for these materials and further exploring, so developing new POMs is still a challenge for POM chemistry. However, in spite of extensive investigations on synthesis and characterization of Keggin-type nanocatalysts, by Sawant et al. [17] , the synthesis of sodium 30-tungstopentaphosphate nanocatalysts has been largely overlooked. A Preyssler acid is a highly acidic catalyst with excellent catalytic activity in a variety of acid catalyzed reactions, elsewhere [18, 19] which has an unusual five-fold symmetry achieved by fusion of five PW 6 O 22 groups. The central sodium ion lies not on the equator of the anion but in a plane roughly defined by oxygen atoms of the phosphate groups. The presence of the sodium cation reduces the overall anion symmetry from D 5h to C 5v , by Müller et al. [20] . Silica-supported preyssler nanostructures were obtained through a microemulsion method. Although this procedure has been reported previously, this method has never been reported for the synthesis of Preyssler nanostructures with different morphologies. 
Material and Methods
All materials were of commercial quality and were used as received. The product purities were determined by GC-MS analysis. Mass spectra were recorded on a Shimadzu QP 1100 BX mass spectrometer. Elemental analysis was performed using an electrothermal 9100 apparatus. IR spectra were recorded on KBr pellets on a Shimadzu IR-470 spectrophotometer. 1 H and 13 C NMR spectra were determined on a Bruker 300 DRX Avance instrument at 300 MHz, respectively.
Catalyst Preparation.
Supported heteropoly acid catalyst was synthesized according to the literature, Alizadeh et al. [21] , using a support in powder form (SiO 2 ) with an aqueous solution of the heteropolyacids. After stirring the mixture, the solvent was evaporated, dried at 120 ∘ C, and calcined at 250 ∘ C in a furnace prior to use. Silica-supported Preyssler nanostructures were obtained through the microemulsion method by Heravi et al. [22] .
General Procedure for the Synthesis of 2,3-Dihydroquinazolin-4(1H)-ones.
Silica-Supported Preyssler nanoparticles heteropolyacid catalyst (0.03 mmol), isatoic anhydride (1 mmol), primary amine or ammonium acetate (1.1 mmol), and aromatic aldehyde (1 mmol) were added to 5 mL of water or ethanol and the mixture was stirred in a round bottomed flask at under reflux conditions for the appropriate time (see Tables 1 and 2 ). After completion of the reaction confirmed by TLC (eluent: n-hexane/ethyl acetate: 2/1), water was decanted, hot ethanol (5 mL) was added to the residue which was then filtered. The resulting solution was condensed under reduced pressure. Finally, the crude product was filtered and recrystallized from ethanol.
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Results and Discussion
We synthesized mono-and disubstituted 2,3-dihydroquinazolin-4(1H)-ones. Water as solvent resulted in shorter reaction times than ethanol (Table 1) . For the synthesis of disubstituted derivatives, isatoic anhydride, a primary amine, and an aromatic aldehyde in the presence of silica-supported preyssler nanoparticles heteropolyacid were reacted in ethanol or water under reflux conditions to afford the expected products (Scheme 1). Several aliphatic and aromatic amines were used for this reaction. Aliphatic amines afforded the products in shorter time compared to aromatic analogues. Aromatic aldehydes carrying either electron-releasing or electron-withdrawing substituents afforded high yields of products. Aliphatic aldehydes could not be used in this procedure because they undergo aldol condensation under the reaction conditions. After optimizing the conditions, the generality toward various amines and benzaldehydes was next explored. The results obtained are listed in Table 1 .
Following the obtained results, other derivatives of 2,3-dihydroquinazolin-4(1H)-one were synthesized by using different types of amines and aldehydes under aqueous or solvent-free conditions (Scheme 1). Like aliphatic and aromatic amines, heteroaromatic model compounds also afforded the desired products successfully (Table 1) .
Silica nanostructures were obtained through a sol-gel method. In this study, the gelation time is defined as the time between pouring the solution in the container and the time at which the solution ceases to discernibly flow under the influence of gravity. The conditions used were shown in Table 2 (experimental section).
The obtained nanostructures were characterized by TEM as shown in Figure 1 . This figure shows 40 nm spheres.
The Given the importance of such activities, a number of synthetic methods for their synthesis from isatoic anhydride (path 1) and anthranilamide (path 2) have been reported (Schemes 1 and 2 ). Monosubstituted 2,3-dihydroquinazolin-4(1H)-ones were also synthesized successfully using ammonium carbonate as an ammonia source (Scheme 3).
The direct three-component reactions worked well with a variety of arylamines bearing either electron-donating (Table 1, entries [11] [12] [13] [14] [15] [16] [17] or -withdrawing groups (Table 1 , entries 4, 42-46) and phenethylamine ( Table 1, entries  8 and 9) . Also, the reactions with arylamines and a range of benzaldehydes carrying either electron-donating or -withdrawing groups on the benzene ring afforded desired products 4b-h in high yields. With other primary amines having an aromatic ring, desired products 4j-l were produced in 78.5-97% yield (Table 1 , entries 10-12). These reactions provided rapid access to various 2,3-dihydroquinazolin-4(1H)-one derivatives (Table 1, 4a-k) . We also checked the reusability of the catalyst by separation and reloading in a new run and found that the catalyst could be reused several times without any decrease in the product yield. An example is shown for the reaction of ethylamine with isatoic anhydride and 3-nitrobenzaldehyde, 4g (Table 1, entry 9). It is well known that some ammonium salts can be applied as the source of ammonia in the synthesis of nitrogen-containing heterocyclic compounds (Scheme 3). Accordingly, 2-aryl substituted 2,3-dihydroquinazolin-4(1H)-ones 7 were synthesized efficiently when ammonium carbonate (6), isatoic anhydride (1), and an aromatic aldehyde 5 were treated with Silica-Supported Preyssler Nanoparticles in ethanol under the same reaction conditions (Scheme 3, Table 3 ).
Some of the synthesized monosubstituted quinazolinones (Table 3 , entries 2, 4, 5) have been recognized as potent anticancer compounds. For the preparation of our potential target compounds 2 and 3, isatoic anhydride was treated with primary amineand terephthaldehyde (4) or glyoxal (5) in the presence of silica-supported preyssler nanoparticles (Scheme 4).
All bis-dihydroquinazolinones synthesized by this pseudo-five-component reaction were reported for the first time and could be considered as potentially biologically active compounds with a quinazolinone core. In addition to the previously mentioned advantages are the simple work-up procedure, which makes this process environmentally friendly, and the easy purification, which requires only filtration of the products followed by recrystallization from ethanol (Table 4) . Different organic solvents were examined for the reaction and we found that water was the solvent of choice (Table 4) . Currently the use of non-toxic and environmentally friendly solvents is of much interest. Room temperature ionic liquids are novel solvents with outstanding environmental and technical features, by Wilkes [37] . Tetra-n-butylammonium bromide (TBAB) was investigated as solvent for the above reaction. Ethanol proved to be almost as good as water, with ethanol giving a slightly better yield than tetra-nbutylammonium bromide. The use of water as a solvent for organic transformations offers several environmental benefits. In many reactions, significant rate enhancements are observed in water compared to organic solvents. This acceleration has been attributed to many factors, including the hydrophobic effect, enhanced hydrogen bonding in the transition state, and the cohesive energy density of water, by Pratt and Pohorille [38] . When the reactions were conducted in water, the expected products were obtained in good yields and with better reaction times compared to organic solvents (Tables 3 and 5) .
A plausible mechanism for this reaction is shown in Scheme 5. It is conceivable that the Preyssler heteropolyacid catalysts are coordinated to the oxygen atom of the carbonyl groups in different stages of the reaction activating them for the nucleophilic attack of the amine and amide nitrogen atoms (Scheme 5).
Conclusion
In conclusion, a simple and environmentally friendly and novel one-pot three-component method for the synthesis of 2,3-dihydroquinazolinones is reported. In this pseudo five-component procedure, six C-N bonds are formed in a tandem one-pot process, which is comparable with other important reactions in multicomponent chemistry by Pandey et al. [25] . High yields, ease of work up procedure, use of cheap and commercially available starting materials, convenient manipulation, and mild reaction conditions are the advantages of this new method. We believe that the present methodology addresses the current drive towards green chemistry due to high yields, atomic economy, and reusability of the catalyst. By the reaction of a range of amines and dialdehydes, novel libraries of bisdihydroquinazolinones could be obtained, which would make this method a suitable candidate for combinatorial and parallel synthesis in drug discovery.
